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This invention relates to the manufacture of silicon 
carbide bodies that are characterized by high density 
and readily controllable electrical properties. 

Silicon carbide is an excellent material for many 
specialized purposes such as, for example, electrical resis 
tors and high temperature crucibles, because it is capable 
of withstanding very high temperatures. It has long been 
recognized, however, that the silicon carbide bodies that 
are made by ordinary techniques are relatively porous. 
The porosity of ordinary silicon carbide bodies is a dis 
advantage because silicon carbide tends to oxidize at 
high temperatures, and the porosity of ordinary silicon 
carbide bodies permits air to circulate and thus permits 
oxidation to occur throughout the entire body. This 
characteristic has limited the application of silicon car 
bide bodies, as electrical resistance heaters, to those ap 
plications that were below the temperature of rapid 
oxidation. 
To make silicon carbide bodies that are less porous and 

more dense, and hence less susceptible to oxidative de 
struction, many techniques have been developed. 

For example, dense refractory silicon carbide bodies 
that are substantially free of materials other than silicon 
carbide have been obtained by forming a recrystallized, 
porous silicon carbide body structure, impregnating the 
pores of the body with a carbonizable material such as 
furfural, carbonizing this material with mineral acid to 
form pores that are loaded with deposited carbon, and 
‘then ?ring the carbon-impregnated body in the presence 
of silicon to cause the silicon to penetrate the pores and 
react with the carbon to form additional silicon carbide. 
It will be noted that this process requires two ?ring 
steps: one ?ring step is required to form the recrystal 
lized silicon carbide body structure; and a second ?ring 
step is necessary to form the additional silicon carbide 
in the pores of the original body. A dense body is ob 
.tained which may be somewhat porous, and the steps of 
impregnating the body with carbon, and ?ring in the 
presence of silicon to form additional silicon carbide, can 
be repeated as often as desired further to increase the 
v.density of the body. 

The process described above, that requires two ?ring 
:steps, usually takes one week or more. In addition, the 
process is quite costly to perform. 
A popular type of heating element, that uses silicon 

(carbide, is the cold ended rod. This rod comprises a 
‘central section that is made from silicon carbide and that 
has relatively high electric resistance characteristics, and 
itwo ends that have relatively higher electrical conduc 
'tivity. In such a rod, the central heating section may 
The a silicon carbide body, and the ends‘rnay be siliconized 
silicon carbide bodies. In making rods of this type, 

' the cold ends and the central heating section are formed 
separately, and then are glued together, usually with 
.mucilage, after which the parts are welded together. 

Except by the use of certain additives, it is practically 
impossible to regulate the electrical resistance of the 
heating section of a cold end rod. There is therefore a 
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need for a dense silicon carbide body whose electrical 
characteristics can be readily controlled. Moreover, the 
use of mucilage as a temporary cement for cold end rods 
has some disadvantages, and there is a need for a su‘ 
perior bonding ‘agent for this purpose, which will have 
high early strength, good ?red strength, and after ?ring, 
good refractory properties, minimum porosity, good elec 
trical conductivity, and a coef?cient of expansion similar 
to that of the united parts of the rod. 
One object of the present invention is to provide a 

practical cement that can be siliconized-to produce a 
silicon carbide body of high density that is composed 
primarily of silicon carbide, with controlled minor 
amounts of other materials. 
Another object of the invention is to provide a new 

cement for use as a temporary binder in the manufacture 
of cold end heating rods, to join the cold ends to the 
heating sections. A related object of the invention is to 
provide a cement of the character described that can be 
?red to produce a dense silicon carbide bond having con 
trolled electrical conductivity. 
A further object of the invention is to provide a method 

for making a high density silicon carbide bond to unite 
the parts of silicon carbide heating rods, and whose elec 
trical resistance can be carefully controlled and consist 
ently maintained. A related object of the invention is 
to provide a process for the production of dense silicon 
carbide bodies of controlled electrical resistance charac 
teristics that can be employed as heating elements. 

Another related object of the invention is to provide 
a process for making silicon carbide bodies of such high 
density and having such refractory and strength charac~ 
teristics, and such good resistance to thermal shock, that 
the bodies may be used, for example, as thermocouple 
protection tubes and the like, that are capable of with 
standing violent changes in ambient temperature. 

Still another object of the invention is to provide a 
process for making silicon carbide bodies which process 
will be economical and adapted to mass production tech 
niques. 

Another object of the invention is to provide a method 
for making silicon carbide bodies in which only a single 
?ring step is required. 

Other objects of the invention will become apparent 
to those skilled in the art from the following detailed 
description of the invention. 
We have found that silicon carbide in a dense carbon 

body acts as a trigger or catalyst to start a reaction be 
tween the silicon carbide and molten silicon, which in 
turn causes a reaction between silicon and carbon, to 
form more silicon carbide. This phenomenon makes 
possible the siliconizing of ?ne, dense carbon bodies and 
is particularly of interest because previous research 
workers indicated that it was not possible to siliconize 
?ne dense carbon bodies. 

In its broad aspects, then, the invention involves the 
incorporation of silicon carbide granules in a ?ne, dense 
carbon body, and the subsequent ?ring and siliconizing 
of the body in contact with silicon to produce a body 
comprising essentially silicon carbide and a minor amount 
of silicon. This body has desirable characteristics of 
porosity, density, refractoriness, and electrical conduc 
tivity. The un?red mix can be used as a cement. The 
body makes an excellent electrical conductor and has 
good refractory properties and excellent resistance to 
thermal shock. 

Proportions of the ingredients in the mix are subject 
to adjustment. If the carbon component of the body 
is ?ne and non-porous, that is, if it ‘resists penetration 
by silicon, a large amount of silicon carbide is required 
to promote siliconization. Pitch coke and graphite have 
limited porosity. Hence a mix that contains a large 
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amount of pitch coke or graphite will require a large 
content of silicon carbide to promote siliconization. 
The converse is true of charcoal, which has an open 
structure that permits penetration by molten silicon. 
Thus the type of carbon in the mix affects the amount 
of silicon carbide that is required to promote siliconiza 
tion. " ' ’ 

Preferably the carbonizable material is a thermoset~ 
ting synthetic resin, at least in part, which resin func 
tions as a temporary binder. 

Resins such as the condensation products of aldehydes 
and phenols, and particularly the reso'rcinol-formalde 
hyde resins; and plasticizers such as the cellulose ethers 
that may be used with these resins as modi?ers; have a 
low 'ash content and, upon ?ring in the mix, will car 
bonize to form a porous structure that will siliconize. 
When a carbonaceous material, such as graphite, and 

a carbonizable resin binder, such as, for example, ‘a res 
orcinol-formaldehyde condensation product, are em 
ployed together to form the carbon body, a basically 
dense body will be formed that siliconizes with difficulty. 
Hence the amount of silicon carbide that is required to 
promote siliconization must be substantial. If charcoal 
is employed as the carbonaceous ingredient, proportion~ 
ately less silicon carbide is required. 

Accordingly to the present invention, then, dense sili 
con carbide bodies are obtained by a process in which 
granular silicon carbide ‘and a resinous carbonizable 
material, with or without a carbonaceous material, are. 
mixed together, the mixture is shaped as desired, and 
then the shaped article is ?red in the presence of more 
than the stoichiometric amount of silicon. 

‘ This process can be completely performed within a 
few hours in contrast to'the much longer period of time 
that is required with prior processes that have been pro 
posed ‘or used for the production of silicon carbide 
bodies. The bodies that are obtained may have a den 
sity that is consistently as high as 3.00 gr./cc. or higher. 
The bodies may consist, for example, of silicon carbide 
in the alpha or hexagonal crystalline form, bonded by 
interstitial beta or cubic silicon carbide, together'with 
a small amount of unreacted silicon that is found pri 
marily in the interstitial spaces of the body. When high 
?ring temperatures are used, substantially all of the sili 
con carbide will be of hexagonal crystalline habit. The 
silicon content is less than about 8% by weight of the 
body for siliconized cements and the like, and. less for 
bodies that are carefully prepared for their refractory 
properties. 
The broad steps of the process of this invention, are 

shown in outline form in the drawing that accompanies 
this description. 
As shown in the drawing, the raw materials from which 

the dense silicon carbide bodies are made include a gran 
ular silicon carbide and carbonizable material, and may 
‘also include a carbonaceous material. Granular silicon 
carbide of hexagonal crystalline habit and of any readily 
available small particle size may be employed. 
A carbonizable material, or a carbonizable material 

and a carbonaceous material, are mixed together with 
the silicon carbide granules. The expression “carbona 
ceous material” is employed herein to refer-to pitch 
coke, charcoal or some other type of free carbon. Pitch 
coke and graphite are they forms of carbon with which 
the advantages of the invention are most striking. How 
ever, charcoal ?our and the like also may be employed 
as the carbonaceous material, with outstanding results. 
The expression “carbonizable material’i isemployed 

to refer to materials that can, be decomposed to form 
free carbon. The carbonizable material preferably in-. 
cludes a thermosetting synthetic resin as a temporary 
binder, plasticizing material, and other minor modifying 
ingredients- Resins of the~type that are phenol-formal 
dehyde condensation :products in general, :and resorcinol 
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formaldehyde condensation products in particular, and 
other similar thermosettingv synthetic resins, are pre 
ferred for the resinous temporary binder, although other 
thermosetting resins may be employed. “Methocel" 
methyl cellulose, or diglycol stearate, or the like, are 
excellent plasticizers and may be used where the mix is 
to be extruded rather than pressed. “Methocel” is a 
trademark of the Dow Chemical Co. that is used to iden 
tify a water-soluble methyl cellulose that is supplied as 
a ?nely divided white solid material. a 
The proportions of the several various materials that 

are employed will be governed by the properties that 
are desired in the cement and in the ?red body. It has 
been found, for example, that the electrical resistance of 
the body can be regulated by adjusting the proportion 
of silicon carbide to carbon in the mixture from which 
the shape is formed. To decrease the electrical resist 
ance, the‘ amount of carbonaceous material is increased. 

Ordinarily the silicon carbide that is employed will 
be of hexagonal crystalline habit and the granules that 
are employed will be a mixture of granules of dilferent 
sizes. Where a dense silicon carbide body is desired 
the granule sizes will be selected to provide a mixture of 
silicon carbide granules with a controlled, small amount 
of void space between the granules. The carbon-com 
taining materials that are added ordinarily will tend to 
?ll up the void spaces between these silicon carbide 
granules. 
The amount of silicon carbide in the mixture should 

be substantial, at least about 25% by weight, and can 
be adjusted to correspond to the nature of the carbon 7 
in the mixture, which in turn determines the ease with 
which a shape that is formed from the mixture can be 
siliconized. The use of granules of silicon carbide in 
the raw mix has two primary advantages in addition to 
catalytic effect; it makes the resultant product more re 
fractory, and it valso permits regulation of the electrical 
resistance of the body through control of the propor 
tion of silicon carbide to carbon in the mixture. 

In practice, where bodies of different shapes and other 
characteristics are to be produced on a large scale from 
the mixture, it is often desirable to conduct the process 
on a somewhat emperical basis as to the best proportions 
of ingredients for the particular article. The prepara 
tion of a satisfactory mix on the basis of theoretical 
calculations alone may be difficult. Best results are of 
ten obtained, when a standard shape is desired, by pre 
paring a pilot body and thereafter adjusting the‘ propor 
tions of the ingredients as indicated by any characteris 
tics of the'pilot body that can be improved. 7 

In making the pilot body, optimum theoretical pro 
portions of the ingredients can be calculated, based upon 
a quantity of silicon carbide granules between a minimum 
effective catalytic amount, about 25% by weight of the 
mixture, and a maximum amount that can be determined 
by subtraction after calculating the minimum amount of 
total carbon that must be present after carbonization. 
The total carbon that must be present after carboniza 
tion is that amount required to react with silicon to form 
a substantially solid body of silicon carbide from a shape 
that is formed from the mixture. 
The minimum amount of silicon carbide that can be 

employed with any particular combination of carboniz 
able and carbonaceous ingredients is determined by the 
susceptibility to siliconization of a shape that is formed 
from the mixture after the carbonizable ingredients have 
been carbonized during the early part of the ?ring proc 
ess. This minimum amount is dependent upon suscep 
tibility of the shape to siliconization and is about 25%. 
by weight for a mixture that contains su?icient thermo~ 
setting resin to impart good adhesiveness and cohesiveness 
to the mixture. _ 

In the preferred method for the practice of the in 
vention, til? §lll9on carbide grains are thoroughly mixed . 
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by tumbling. The graphite or other carbonaceous ma 
terial is then added and tumbling is continued. After the 
carbonaceous material and the granular silicon carbide 
are thoroughly mixed, the carbonizable materials, includ 
ing the resinous temporary binder, are blended into the 
mixture. 

This cementitious mixture may be applied between two 
parts that are to be united; or alternatively, if it is 
employed to form bodies, it is pressed at high pressures, 
extruded, or otherwise suitably molded to the desired 
shape; and then may be oven-dried to remove the vola 
tiles of the temporary binder. The shape is then heated 
to a su?iciently high temperature thermally to carbonize 
the carbonizable materials, to form free carbon, and 
heating is then continued to ?re the mix in contact with 
free silicon to siliconize the free carbon. To insure 
that all of the carbon is converted, a stoichiometric ex 
cess of silicon is employed. 
The resultant body consists of silicon carbide that is 

in the hexagonal form, to the extent of the amount of 
hexagonal silicon carbide that was in the original mix; 
together with silicon carbide that has been formed by 
reaction of silicon with the free carbon in the shape; 
and not over about 8% by weight of the body of free 
silicon. Considerably less silicon will be present if the 
initial proportions of the reactants are carefully con 
trolled. 
The following speci?c examples serve further to il 

lustrate the exact manner in which the present invention 
is practiced. 

Example 1 
A cement was prepared to securing cold ends to the 

heating sections of cold ended heating rods. The cold 
ended rods were to be of the usual type, with the cold 
ends made of siliconized silicon carbide bodies of rela 
tively low electrical resistance, and heating sections made 
of silicon carbide bodies having relatively high electrical 
resistance. 
The raw mix or cement was made from the following 

ingredients, in the manner described above: 

Rcsorcinol-formaldehyde resin ______________ __cc__ 40 
Para~formaldehyde ______________________ __gr__ 4 
Pitch coke ______________________________ __gr__ 30 
Fine charcoal ___________________________ __gr__ 3 
Silicon carbide (60 mesh, or 217 microns, and ?ner, 

predominantly ?ner than 200 mesh or 74 mi 
crons) ________________________________ __gr__ 50 

In the foregoing and following lists of ingredients the 
square power of the mesh number represents the number 
of mesh openings per square inch in the screen. 
The resin was a liquid condensation product that is 

sold by the Varcum Chemical Co., Niagara Falls, New 
York, under their trademark “Varcum 5459R.” 

This cement was employed to unite cold ends to heat 
ing sections. The rods had a maximum diameter of 1% " 
and the maximum thickness of the cement between the 
united parts of the rod was about 1/32". The cement 
had a strong green strength and was relatively easy to 
weld as compared 'to other cements that had been used. 
It was used within two hours after mixing since the 
cement lost adhesive power thereafter. 

Experience with this cement showed that at a content 
of silicon carbide lower than about 35% siliconizing 
was very di?icult and the carbon tended to oxidize, so 
that the joint would fail. With silicon carbide contents 
above about 35% the joint, after siliconizing, would 
be as strong or stronger than the heating section of the 
rod. 

In ?ring the rods, it was also noted that the cemented 
area was not as easily siliconized as was the heating 
section of the rod. From this observation it was de 
duced that by adding even more silicon carbide to the 
welding cement than the approximately 42% in the above 
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6 
example, a better weld would probably result and this 
was found to be true. ‘A cement having a higher silicon 
carbide content was prepared and is described in the 
following example. 

Example 2 

A cement was made up from the following ingredients: 

Resorcinol-formaldehyde resin (“Varcum 5459R,” 
Varcum Chemical Co.) ________________ __cc__ 345 

Para-formaldehyde _____________________ __gr__ 40 
Pitch coke _______________ __ ____________ __gr__ 450 

Silicon carbide (60 mesh and ?ner) (approximately 
52% by weight of mixture, dry basis) ____ __gr__ 900 

g This cement had superior welding characteristics but 
was quite di?icult to work. It could be pressed, but 
was not suf?ciently plastic for satisfactory extrusion. 
To make a more plastic mixture, the formulation was 

modi?ed by the addition of 75 gr. of diglycol stearate. 
“Methoccl” methyl cellulose (4000 cps, 2% aqueous 
solution at 20° C.) can be used as a plasticizer instead of 
the diglycol stearate. The modi?ed formulation was 
more plastic and was readily extrudable. 
Rods having a diameter of one-half inch were extruded 

using the above modi?ed mixture, and were then ?red 
in the presence of molten silicon, in graphite crucibles 
in an induction furnace. Examination then showed that 
dense bodies had been produced in this manner. 

It was noted that when the siliconized rods were re 
moved from the crucibles the rods were quite clean and 
that there was no bleeding of silicon on cooling such as 
occurs when free silicon is present. This indicated that 
the dense bodies had very little free silicon in their struc 
tures. This was subsequently con?rmed by qualitative 
tests. 

A test heating element was made from one of the sili 
conized rods, and conventional cold ends were mounted 
at the ends of the rod. Tests showed that a satisfactory 
heating element structure could be produced in this way. 
The very desirable characteristics of the modi?ed formu 

lation just described indicated that the material would be 
suitable for a wide variety of applications. Accordingly, 
the materials was made up into protection tubes for ther 
mocouples. Sample tubes were extruded and ?red in the 
manner described above, in the presence of molten silicon. 
These tubes did not show any bleeding of silicon at 
2700° F. The tubes could be heated to about 2600° F., 
and then could be immediately dipped in cold water, 
without fracturing. This demonstrated that the material 
had superior refractory properties and was resistant to 
extreme and rapid changes in ambient temperature. 
To produce a dense body that will resist oxidative de 

terioration it is desirable to use a substantial proportion 
of silicon carbide in the mixture. In general, as the 
percentage of silicon carbide is increased at the expense 
of the other ingredients the electrical resistance of the 
body is increased. The formulation can be modi?ed over 
a wide range of proportions of ingredients, since the 
speci?c kind and proportions of ingredients used to form 
the body will depend upon the particular electrical re 
sistance and other properties desired in the ?nal bodies, 
and also upon the method that is used in forming the 
body, that is, extrusion, pressing, etc. 
The electrical resistance of the ?nal bodies can be rcg~ 

ulated by adjusting the ratio of silicon carbide to carbon 
in the initial mixture. In addition, the electrical resist 
ance can be controlled by incorporating small amounts, 
up to about 3% by weight, of boron oxide in the initial 
mixture. Typical resistance values for the extrudable 
formulation described above will fall in the range of from 
0.0052 ohm cm. to 0.139 ohm cm. at room temperature. 

Example 3 

An excellent cement for uniting cold ends of siliconized 
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silicon carbide to heating sections of self-bonded silicon 
carbide was made as follows. 
A dry stock mixture was prepared with the following 

ingredients: 
Para-formaldehyde ___________________ __gr__ 2,400 
Pitch coke ___________________________ __gr__ 18,000 
Charcoal (100 mesh and ?ner) __________ __gr__ 1,800 
Silicon carbide (60 mesh and ?ner) ______ __gr__ 30,000 

This mixture was carefully and thoroughly mixed to 
homogeneity. Then, when needed, a 1300 gr. portion of 
the mixture was mixed with 650 cc. of liquid resorcinol 
formaldehyde resin (“Varcum 5459R,” Varcum Chemical 
Co.) to form a cement. This cement has excellent ad 
hesive properties. It should be used within about two 
hours after it is prepared, for optimum adhesion. Joints 
made with this cement siliconize readily and provide an 
excellent bond. 

Example 4 

To demonstrate the invention with a composition hav~ 
ing a very high content of silicon carbide, the following 
mixture was prepared: 

Silicon carbide (60 mesh and ?ner) _________ __gr__ 100 
Para-formaldehyde ______________________ __gr__ 2 
“Methocel” methyl cellulose (4000 cps. solution) 

gr__ 5 
Resorcinol-formaldehyde resin (“Varcum 5459R”; 
Varcum Chemical Co.) _________________ __cc__ 25 

The content of silicon carbide in the above formula 
tion is approximately 80% by weight of the mixture. 
This mixture was plastic and elastic. It could be wound 
in a spiral and would hold its shape during ?ring. 
A portion of this mixture was siliconized by ?ring it 

in contact with silicon at a temperature that approached 
but fell short of the vapor temperature of silicon. After 
the reaction had been observed, the siliconized portion 
of this mixture was permitted to cool and its properties 
were observed. It was considerably higher in electrical 
resistance than bodies formed from either of the two 
previous examples. 
The bodies that were obtained from the foregoing ex~ 

amples were susceptible of careful control and predeter 
mination of their electrical properties. The silicon carbide 
that was formed by siliconizing the shaped mixture was 
in the beta or cubic form, or the alpha or hexagonal 
form, depending on the siliconizing temperature. The 
beta form has a much lower electrical resistance than 
alpha or hexagonal form of silicon carbide. Thus, to de 
crease the electrical resistance, the total carbon content 
of the mix should be increased and the siliconizing tem 
perature and ?ring period should be controlled, so that 
the body obtained will contain a higher amount of beta 
or cubic silicon carbide. 
While the invention has been described in connection 

with speci?c embodiments thereof, it will be understood 
that it is capable of further modi?cation, and this appli 
cation is intended to cover any variations, uses, or adapta 
tions of the invention following in general the principles 
of the invention and including such departures from the 
present disclosure as come within known or customary 
practice in the art to which the invention pertains and as 
may be applied to the essential features hereinbefore set 
forth, and as fall within the scope of the invention or the 
limits of the appended claims. 
We claim: 
1. A cementitious composition that is adapted to be 

siliconized to a. refractory form that consists essentially 
of silicon carbide and less than about 8% by weight of 
silicon, said composition comprising, by weight, at least 
about 25 % granular silicon carbide in ?nely divided form, 
and a carbon-containing mass including a carbonizable 
thermosetting synthetic resin, said resin being present in 
su?icient quantity to impart cohesiveness to said com 
position. 
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2. A cementitious composition that is adapted to be 
siliconized‘to a refractory form that consists essentially 
of silicon carbide and less than about 8% by weight of 
silicon, said composition comprising, by weight, at least 
about 25% granular- silicon carbide in ?nely divided 
form, and a carbon-containing mass including a thermo 
setting resorcinol-formaldehyde resin, said resin being 
present in suf?cient quantity to impart cohesiveness and 
adhesiveness to said composition. 

3. A process for making articles of dense silicon car 
bide, containing less than about 8% free silicon, com 
prising; forming a substantially homogeneous mixture of ' 
at least about 25% by weight of granules of silicon 
carbide in ?nely divided form and carbonizable material 
including a thermosetting synthetic resin, the're'sin being 
present in su?icient quantity to function as a binder when 
set, to hold said mixture in a desired shape;forming a 
shape from said mixture; and ?ring said shape in contact 
with at least su?icient silicon to react with all of the 
available carbon in said shape and at a temperature to 
bring about this reaction. 

4. A process for making articles of dense silicon car 
bide, containing less than about 8% free silicon, compris 
ing: forming a substantially homogeneous mixture of at 
least about 25% by weight of granules of silicon carbide 
and carbon-containing material including a carbonizable 
thermosetting synthetic resin, said resin being present in 
sufficient quantity to function as a binder When set, to 
hold said mixture in a desired shape, and the total 
amount of carbon in said carbon-containing material being 
at least suf?cient to react with silicon to form a sub 
stantially solid body of silicon carbide from a shape that 
isformed from said mixture; forming a shape from said 
mixture; and ?ring‘ said shape in contact with at least 
sufficient silicon to react with all of the available carbon 
in said shape and at a temperature to bring about this 
reaction. ' V 

5. A process for making articles of dense silicon car 
bide, containing less than about 8% free silicon, compris 
ing: forming a substantially homogeneous mixture of at 
least about 25 % by weight of granules of silicon carbide 
in ?nely divided state, carbonaceous material, and carbon 
izable material including a thermosetting synthetic resin, 
said resin being present in sufficient quantity to function 
as a binder when set, to hold said mixture in a desired 
shape, the total amount of carbon in said carbonaceous 
material and in said carbonizable material being at least 
su?icient to react with silicon to form a substantially solid 
body of silicon carbide from a shape that is formed from 
said mixture; forming a shape from said mixture; and 
?ring said shape in contact With at least su?icient silicon 
to react ‘with all of the available carbon in said shape 
and at a temperature to bring about this reaction. 

6. A method of siliconizing ?ne dense ‘masses of carbon 
to form bodies of silicon carbide that contain less than 
about 8% free silicon, comprising: forming a substantially 
homogenous mixture of at least about 25 %' by weight of 
granules of silicon carbide'in ?nely divided state, car 
bonaceous material that tends to resist siliconization, and 
carbonizable material including a thermosetting condensa 
tion product of formaldehyde and‘a phenol, said con 
densation product being present ,in sufficient quantity, 
When set, to hold said mixture in a desired shape, the 
total amount of carbon in said carbonaceous material and 
in said carbonizable material being at least sufficient to 
react with silicon to form a substantially solid body of 
silicon carbide from a shape that is formed from said 
mixture; forming a shape from said mixture; and ?ring 
said shape in contact with at least su?icient silicon to 
react with all of the available carbon in said shape and 
ata temperature to bring about the reaction.‘ 

7.,A ‘method of siliconizing ?ne dense masses of car 
bon to form bodies of silicon carbide that contain less 
than about 8% free silicon, comprising: forming a sub 
stantially homogeneous mixture of at least about 25% ' 
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by weight of granules of silicon ‘carbide in ?nely divided 
state, carbonaceous material that tends to be difficult to 
siliconize, and carbonizable material including a liquid 
condensation product of formaldehyde with a phenol, 
said condensation product being present in su?icient quan 
tity, when set, to hold said mixture in a desired shape, 
the total amount of carbon in said carbonaceous material 
and in said carbonizable material being at least su?icient 
to react with silicon to form a substantially solid body 
of silicon carbide from a shape that is_ formed from said 
mixture;v forming a shape from said mixture; and ?ring 
said shape to carbonize the carbonizable material to 
form free carbon, and thereafter continuing said ?ring 
in contact with at least su?icient silicon to react with all 
of the available carbon in said shape and at a tempera 
ture to bring about this reaction. 1 

8. In a cold end heating rod having a silicon carbide 
heating section and a cold end of a siliconized silicon 
carbide, a joint uniting the heating section to the end and 
having a thickness up to about V32", said joint consisting 
essentially of silicon carbide and not more than about 
8% by weight of the joint of elemental silicon, said 
silicon carbide in said joint being in the form of crystals 
that are interlocked and at least partially interdi?’used with 
each other and with the cubic silicon carbide crystals in 
said heating section and in said cold end. 

9. In a cold end heating rod having a silicon carbide 
heating section and a cold end of siliconized silicon 
carbide, a joint uniting the heating section to the end 
and having a thickess up to about 3&2", said joint con 
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sisting essentially of cubic silicon carbide, granular silicon 
carbide of hexagonal crystal habit, and not more than 

‘ about 8% by weight of the joint of elemental silicon, the 
cubic silicon carbide crystals being interlocked and at least 
partially interdi?‘used with each other and with cubic sili 
con carbide crystals in said heating section and in said 
cold end. 

10. In a cold end heating rod having a silicon carbide 
heating section and a cold end of siliconized silicon 
carbide, a joint uniting the heating section to the end 
and having a thickness up to about 14,2”, said joint con 
sisting essentially of crystalline silicon carbide, not more 
than about 8% by Weight of the joint of elemental silicon, 
and up to about 3% by weight of the joint of boron oxide 
to control the electrical conductivity of said joint, said 
crystals of silicon carbide being interlocked and at least 
partially interdifr’used with each other and with the silicon 
carbide crystals in said heating section and in said cold 
end. 
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